This study aimed to assess the effect of virgin argan oil (VAO) and extra virgin olive oil (EVO) on the hormonal profile of androgens and anthropometric parameters among healthy adult Moroccan men during a controlled nutritional intervention. The study was carried out on 60 young and healthy male volunteers aged between 23 and 40 years old. During a stabilization period of 2 weeks they consumed butter. The group was then randomized into two categories, the first one consuming VAO and the second EVO for 3 weeks. Testosterone (T), luteinizing hormone (LH) and dehydroepiandrosterone (DHEAS) serum concentrations were measured at the beginning of the study and at the end of each period. The Mann-Whitney test was used to compare the two groups (VAO and EVO) during each step of the study. Differences in androgens and anthropometric parameters between the baseline and after 3 weeks of the diet in the VAO and EVO groups were analyzed using the Wilcoxon test. T and LH serum concentrations significantly increased after the intervention period. T levels increased by 19.9% and 17.4% (p < 0.0001), and LH levels by 18.5% (p < 0.007) and 42.6% (p < 0.0001), respectively, for VAO and EVO (p < 0.0001). However, DHEAS serum concentrations, body weight, body mass index, arterial pressure and daily energetic intake did not show any significant variation after the intervention with either argan or olive oils. The results suggest that consumption of AVO and EVO might be the origin of a positive action on the androgen hormonal profile of men.
Local food-based nutrition interventions are highly encouraged and adopted to promote good health and nutrition status of the local population. Argan oil is a typical Moroccan vegetable oil; it is extracted from the fruit of Argania spinosa, an endemic tree of south-west Morocco that is believed to have aphrodisiac properties. However, olive oil is much more consumed in the daily diet being much more abundant and cheaper. Both oils are rich in unsaturated fatty acids (oleic and linoleic) and other compounds (tocopherols, polyphenols, and sterols) ( Table 1) and their fatty acid composition has a role in the nutritional prevention of cardiovascular disease (CVD) [1, 2] . Furthermore, the abundance of tocopherols in these oils provides a powerful antioxidant effect [3] .
Our intervention aimed at studying the effect of the consumption of virgin argan oil (VAO) and extra virgin olive oil (EVO) on the hormonal profile of androgens and anthropometric parameters among healthy adult Moroccan men. In this work, all anthropometric parameters, such as body weight (BW) and arterial pressure, as well as daily energetic intake did not show any significant change after the 3 weeks intervention with either argan or olive oils (Table 2) .
Our results show that testosterone (T) and luteinizing hormone (LH) concentrations significantly increased after the intervention. Thus, T concentration increased by 19.9% after using VAO and by 17.4% after using EVO (p < 0.0001) ( Table 3) . Under the same conditions, LH concentration increased by 18.5% after using VAO (p < 0.007) and by 42.6% after using EVO (p < 0.0001) ( Table 3 ). The comparison between VAO and EVO effects on both T and LH levels showed no significant difference after either the 2-week stabilization period (T1) or the 3-week intervention period (T2). The hormonal profile of DHEAS did not show any significant variation during this study (Table 3) . During the last decades, the benefits of vegetable oils have been well documented and their consumption encouraged. The positive effect of olive oil was known a long time ago [5] [6] . Other studies have shown the good effects of argan oil on the lipid profile [7] , its anti-oxidant properties [3] , and its use in traditional medicine for its aphrodisiac properties [8] [9] . Our results show for the first time the effect of the consumption of VAO and EVO on the androgen hormonal profile of healthy adult men. This consumption induced an increase in serum T and LH levels [2, 3] . The effect of those vegetable oils might be the result of an activation of the hypothalamo-pituitary-testicular axis (LH secretion). Indeed, a good part of the Leydig cell steroidogenesis regulation is initiated by the secretion of GnRH (gonadotrophin releasing hormone) by the hypothalamus. This hormone stimulates the release of LH by the adenohypophysis, which is the primary stimulus for the T biosynthesis by the testes [10] [11] .
According to Payne and Hales [12] , the stimulation of T biosynthesis by the vegetable oils used in our study might also be mediated by an induction of steroidogenic proteins. Leydig cell steroidogenesis combines a series of reactions catalyzed by multiple enzymes from cholesterol synthesis, cholesterol esters hydrolysis and from cholesterol conversion to T. Besides, the steroidogenic process in Leydig cells is initiated by the transit of free cholesterol from the cytosol to the inner mitochondrial membrane, helped by the protein star (steroidogenic acute regulatory protein) [13] . Thus, the vegetable oils used in our intervention could induce those proteins directly by increasing their activity and/or their genetic expression, or indirectly by activating the pituitary-testicular axis. However, LH is an activator of the optimal genetic expression of the enzymes involved in T biosynthesis using cholesterol in the testes [14] . LH is able to activate Gs protein and induce the transduction of the signal to the nucleus following two pathways; using phosphorylation by PKA (protein kinase A) and using arachidonic acid [15] .
In our population, the increase in T levels induced by vegetable oil consumption is not associated with any significant change in DHEA levels (Table 3) , which may suggest that the origin of the steroidogenesis observed here is essentially Leydig cells. This effect might be induced by some compounds in the used oils, such as tocopherols. Besides, the VAO effect on the stimulation of T biosynthesis is much more evident than the EVO effect (Table 3) . Also, a study in rat showed the possibility of the transformation of gamma-tocopherol to alpha-tocopherol in animals [16] , which can explain why VAO is more efficient than EVO. Furthermore, some studies have demonstrated the effect of alpha-tocopherol in rats [17] and aged men [18] . It seems that vitamin E may be indispensable to the development of Leydig cells in vitro, so, it have been established a long time ago that the lack of this vitamin in animals could lead to sterility [19, 20] . Another study has demonstrated that adding vitamin E to pig Leydig cells in vitro did not show a significant effect on the basal T production. However, this vitamin acts synergistically with HCG (human chorionic gonadotropin) to increase the secretion of T [21] . In rat, vitamin E increases the diameter and height of the germinal epithelium, the thickness of the basement membrane and the number of spermatogonia and spermatocytes [22] . Furthermore, in the same species, a deficiency of vitamin E for six months reduces the intracellular transport of cholesterol and the production of steroid hormones in the adrenal gland [23] .
Several studies have reported the protective role of vitamin E against the oxidative and toxic effects caused by different chemical agents. Thus, oral administration of aflatoxin in mice (25 and 50 μg / animal / day) during 45 days decreases β-and 17β-HSD activities and T levels. On the other hand, pretreatment with vitamin E (2 mg per animal per day, orally) improves aflatoxin effects on Leydig cell steroidogenesis [24] . According to Aybek et al [25] , in rat, vitamin E reduces the effects of oxidative stress induced by age and/or diabetes on the endocrine function of Leydig cells. This protective effect of vitamin E could be explained by an inhibition of lipid peroxidation [26] . Finally, vitamin E protects against the testicular toxicity induced by sulfonates [27] , Aroclor 1254 [28] , cyclophosphamide [29] and para-nonylphenol [22] . Thus, the rich composition of VAO and EVO in tocopherols could be the cause of the variation in the androgen hormonal profile observed in our sample. It has also been reported that the polyphenols [30] extracted from some plants, including Argania fruits, as well as some fatty acids [31] , block the transformation of testosterone to dihydrotestosterone as they work as 5 alpha-reductase inhibitors; these are used in the cosmetics industry.
According to our results, EVO and AVO may stimulate T biosynthesis by a mechanism that could involve an activation of the hypothalamo-pituitary-testicular axis and/or an induction of steroidogenic proteins. This steroidogenesis could be attributed, at least in part, to tocopherols, whose mechanism of action remains to be determined.
Experimental
General: Sixty young male volunteers, students at the Health careers training institute of Meknes in Morocco participated in this study. All participants were healthy, with a mean age of 23.42 ± 3.85 years. Selection criteria were for the participants to be healthy, with no risk factors of cardiovascular disease, sharing the same daily meals, and tolerating the consumption of vegetable oils.
Trial:
The study consisted of a 2 weeks baseline diet period where all subjects consumed 25 g per day of butter, and 3 weeks intervention period during which subjects were randomized into 2 groups. Butter was substituted by 25 mL per day of either argan oil or olive oil for each group.
Body weight (BW), body mass index (BMI), systolic (SBP) and diastolic (DBP) arterial pressure and daily energetic intake (DEI) were controlled throughout the study period and calculated with Bilnut 2.01 2003 software. The weekly diet was balanced and corresponded to international recommendations.
Blood samples were taken at the beginning of the study (T0), after the 2 weeks stabilization period (T1), and after the 3 weeks intervention period (T2). Blood samples were taken at 6:30 AM, after a 12 h fasting period. Blood samples were centrifuged for 12 min for 4000 rpm, then stored at -30ºC until analysis.
Testosterone, dehydroepiandrosterone and luteinizing hormone were measured at the end of both periods by a radio immuno assay method using a gamma scintillator, set to the measurement of iodine 125 (Testo-CT2 and DHEAS-CT, Cis Bio International, France, or sandwich technique RIA-gnost® hLH, Cis Bio International, France).
